Application of: Tae-Kyung Yoo, et al. 
Serial No.: 10/599,232 
Amendment and Response 

REMARKS 

With careful attention to the Examiner's comments in the Office Action, the Application 
has been amended to place it in condition for allowance. The remarks presented herein are 
believed to be fully responsive to the Office Action. 

Claims 1-20 are pending in the present application. Applicant is amending claim 1 and 
18 and is canceling claim 2. The independent claims recited by the present application are 
claims 1 and 18. 

SPECIFICATION: 

The Office Action suggests the following title of invention: HI-NITRIDE COMPOUND 
SEMICONDUCTOR LIGHT EMITTING DEVICE WITH CARBON-COMPOUND 
MATERIAL FORMED WITHIN. In accordance to the Examiner's suggestions, the title of 
invention has been amended in the Substitute Specification submitted herewith. 

Applicant notes that several numbers disclosed in the specification do not match the 
corresponding numbers shown in the drawings of the present application. Thus, the Substitute 
Specification is submitted herewith to correct such inconsistency. These changes are consistent 
with the original specification and drawings of the present application. No new matter is added. 

CLAIM REJECTIONS UNDER 35 U.S.C. § 103 

The Office Action states that claims 1, 3, 5, 7, 9, 12, 13, 16 and 17 are rejected under 35 
U.S.C. § 102(b) as being anticipated by Kamimura et al. (Japanese Patent Publication No. 10- 
084159, hereinafter "Kamimura"). The Office Action further rejects claims 2, 4, 6, 14, 15 and 
18-20 under 35 U.S.C. § 103(a) as being unpatentable over Kamimura in view of Sugawara (U.S. 
Publication No. 2004/0119082, hereinafter "Sugawara"). 

Present Invention 

Before addressing the prior art, it may be helpful to elaborate on certain features of the 
present invention. In this way when comparing the claim language to the prior art, one can more 
readily perceive the deficiencies of the prior art when compared to the invention as defined in the 
claims. The claimed invention is directed to a HI- nitride compound semiconductor light emitting 
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device with carbon-compound material formed within to improve external quantum efficiency 
without causing damages to the electrical properties of the light emitting device. Particularly, the 
El-nitride compound semiconductor light emitting device of the present invention comprises a 
first layer composed of a carbon-containing compound layer formed on a p-type Hi-nitride 
semiconductor layer and a second layer composed of a IE-nitride semiconductor layer. The 
second layer includes a plurality of island-like protrusions, each of the protrusions being formed 
on a top surface of the first layer. 

FIG. 2 




The Cited Kamimura Reference 
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With reference to FIGS. 1 and 5, as shown above, Kamimura discloses a semiconductor 



light emitting device including an n-type SiC substrate 101, a laser structure (102-108) of Hl-V 
compound semiconductor containing N formed on the substrate 101, a p-type SiC contact layer 
109 with a thickness of lOOOA, and metal with Ni 113 and Au 1 14 built up on the p-type SiC 
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contact layer 109. The p-type SiC contact layer 109 is formed up on the p-type GaN contact 
layer 108 of the laser structure. In Kamimura, according to the semi-conductor light emitting 
device with the p-type SiC contact layer 109, the barrier height between the p-type SiC contact 
layer 109, and metal 113 and 1 14 is smaller than a conventional barrier height and hence the 
operation voltage of the laser structure (102-108) can be lowered. 

The Cited Sugawara Reference 

With reference to FIGS. 3, 5 A and 7 and paragraphs [0052] and [0060] of Sugawara, it discloses 
a IH-nitride compound semiconductor light emitting device wherein the second layer 17 is 
composed of a plurality of islands. 




FIG. 3 FIG. 5A 




FIG. 7 

Difference Between the Claimed Invention and the Cited Kamimura and Sugawara References 

Neither Kamimura nor Sugawara the claimed plurality of island-like protrusions 
formed on a top surface of the first layer composed of a carbon-containing compound 
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layer. The Office Action admits that Kamimura fails to disclose the claimed second layer 
composed of a plurality of island-like protrusions. 

Nonetheless, the Office Action contends that Sugawara discloses a Hi-nitride compound 
semiconductor light emitting device and the claimed second layer composed of a plurality of 
island-like protrusions. Particularly, the Office Action compares the islands or island-like 
protrusions of the claimed invention with the island-like p-type AlGaN films 17 disclosed in 
Sugawara. However, as illustrated in FIGS. 3, 5 A and 7 of Sugawara, the island-like p-type 
AlGaN films 17 is only a temporary layer used as an etching mask to form the p-type GaN 
contact layer 16 uneven and is finally removed. See FIGS. 5A and 7 of Sugawara. Thus, it is 
the p-type GaN contact layer 16 (i.e. the first layer), not the island-like p-type AlGaN films 17, 
that finally forms a plurality of island-like protrusions. In contrast, the claimed second layer 
composed of a plurality of island-like protrusions remains on the first layer. 

There is no suggestion or motivation, either in the references themselves or in the 
knowledge generally available to one of ordinary skill in the art, to modify the references. This 
motivation-suggestion-teaching test informs the Graham analysis. "To reach a non-hindsight 
driven conclusion as to whether a person having ordinary skill in the art at the time of the 
invention would have viewed the subject matter as a whole to have been obvious in view of 
multiple references," there must be "some rationale, articulation, or reasoned basis to explain 
why the conclusion of obviousness is correct." In re Kahn, 441 F.3d 977, 986 (Fed. Cir. 2006). 
The KSR decision by the Supreme Court has not eliminated the motivation-suggestion-teaching 
test to determine whether prior art references have been properly combined. Rather, in addition 
to the motivation-suggestion-teaching test, the Court discussed that combinations of known 
technology that are "expected" may not be patentable. No such motivation or suggestion is 
present in any of the cited prior art references. 

Therefore, no Prima Facie case of obviousness exists under the Graham v. John Deere 
and KSR v. Teleflex standards because combination of Kamimura and Sugawara Sugawara fails 
to teach every limitation of claim 1. More specifically, Kamimura does not disclose the claimed 
plurality of island-like protrusions formed on a top surface of the first layer composed of a 
carbon-containing compound layer, and Sugawara still fails to remedy the deficiencies of 
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Kamimura in reaching all the elements and limitations of the claims of the present invention. 
Neither Kamimura nor Sugawara nor combination thereof teaches or suggests all the limitations 
of the claimed invention. 

In fact, Kamimura teaches away from combination with the Sugawara reference. There 
is no motivation to combine if a reference teaches away from its combination with another 
source. Tec Air., Inc. v. Denso Mfg. Michigan Inc. , 192 F.3d 1353, 1360 (Fed. Cir. 1999). "A 
reference may be said to teach away when a person of ordinary skill, upon reading the reference, 
would be discouraged from following the path set forth in the reference, or would be led in a 
direction divergent from the path that was taken by the applicant . . . [or] if it suggests that the 
line of development flowing from the reference's disclosure is unlikely to be productive of the 
result sought by the device." Id. (quoting In re Gurlev , 27 F.3d 551, 553 (Fed. Cir. 1994)). A 
prior art reference may teach away impliedly when a modification or combination would render 
inoperable the invention disclosed in the reference. In re Gordon, 733 F.2d 900, 902 (Fed. Cir. 
1984). 

In view of technical solution, the p-type SiC layer 109 in Kamimura is introduced 
between the p-type GaN contact layer 108 and the metal 113 and 1 14 to decrease the contact 
resistance between the p-type GaN contact layer 108 and the metal 113 and 1 14. Thus, 
introducing a p-type GaN contact layer 16 having protrusions 18 in Sugawara is against the 
technical goal of the Kamimura reference. There are no needs to introduce the p-type SiC layer 
109 between a p-type AlGaN clad layer 15 and the p-type GaN contact layer 16 or between an 
island-like p-type AlGaN films 17 and the p-type GaN contact layer 16 to increase contact 
surface between the p-type GaN contact layer 16 and an electrode 19. 

Given the foregoing, claim 1 of the present invention is in condition for allowance. 

Claims 3-17 

The Office Action rejected claims 3, 5, 7, 9, 12, 13, 16 and 17 which depend from claim 1 as 
being anticipated by Kamimura. The Office Action further rejected claims 8,10 and 1 1 as being 
unpatentable over Kamimura and rejected claims 2, 4, 6, 14 and 15 as being unpatentable over 
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Kamimura in view of Sugawara. Thus, the above remarks for claim 1 are equally applicable to 
the dependent claims 3-17. As such, claims 3-17 are clearly allowable over the cited prior art. 



The Office Action rejected claim 18 as being unpatentable over Kamimura in view of 
Sugawara. Please note that the above remarks for claim 1 are equally applicable here because 
claim 18 recites distinctive limitations similar to those of claim 1. Therefore, claim 18 is now in 
condition for allowance. 

Claims 3-17 

The Office Action rejected claims 19 and 20 which depend from claim 18 as being 
unpatentable over Kamimura in view of Sugawara. Thus, the above remarks for claim 18 are 
equally applicable to the dependent claims 19 and 20. As such, claims 19 and 20 are clearly 
allowable over the cited prior art. 

In light of the aforementioned amendments and discussion, Applicant respectfully 
submits that the application is now in condition for allowance. 

If any issue regarding the allowability of any of the pending claims in the present 
application could be readily resolved, or if other action could be taken to further advance this 
application such as an Examiner's amendment, or if the Examiner should have any questions 
regarding the present amendment, it is respectfully requested that the Examiner please telephone 
Applicant's undersigned attorney in this regard. 



Claim 18 



Respectfully submitted, 




Changhoon Lee 
Reg. No. L0316 



Husch Blackwell Sanders LLP 
190 Carondelet Plaza, Suite 600 
Clayton, MO 63105 
(314) 480-1500 

ATTORNEYS FOR APPLICANT 
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m-NITRIDE COMPOUND SEMICONDUCTOR LIGHT EMITTING DEVICE 
WITH C ARB ON-COMPOUND MATERIAL FORMED WITHIN 



Technical Field 

[0001] The present invention relates to a IE-nitride compound semiconductor light emitting 
device, and more particularly, to a Hi-nitride compound semiconductor light emitting 
device with improved external quantum efficiency, which has roughness in a nitride 
semiconductor layer. 

[0002] As used herein, the term III -nitride compound semiconductor light emitting 

device refers to a light emitting device, such as a light emitting diode comprising a 
compound semiconductor layer made of Al(x)Ga(y)In(l-x-y)N (0<x<l, 0<y<l, 0<x+y<I), 
and does not exclude the inclusion of either materials made of other group elements, such 
as SiC, SiN, SiCN, and CN, or a semiconductor layer made of such materials. 

BACKGROUND ART 

[0003] FIG 1 shows a IE-nitride compound semiconductor light emitting device 

according to the prior art. As shown in FIG 1, the light emitting device comprises: a the 
substrate 10 [[100]]; [[the]] a buffer layer 11 [[200]] epitaxially grown on the substrate 10 
[[100]]; an [[the]] n-type nitride semiconductor layer 12 [[300]] epitaxially grown on the 
buffer layer 11 [[200]], an [[the]] active layer 13 [[400]] epitaxially grown on the n-type 
nitride layer 12 [[300]]; [[the]] a p-type nitride semiconductor layer 14 [[500]] epitaxially 
grown on the active layer 13 [[400]]; [[the]] a p-side electrode J/7 [[600]] formed on the 
p-type nitride semiconductor layer 14 [[500]]; [[the]] a p-side bonding pad 15 [[700]] 
formed on the p-side electrode 17 [[600]]; [[and]] [[the]] an n-side electrode 18 [[800]] 
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formed on the n-type nitride semiconductor layer 12 [[301]] exposed by mesa-etching of 
at least the p-type nitride semiconductor layer 14 [[500]] and the active layer 13 [[400]]; 
and a protection layer 16 formed on the p-side bonding pad 15, the p-side electrode 17 
and the n-side electrode 18 . 
[0004] The substrate 10 [[100]] can use a GaN-based substrate as a homogeneous substrate, and 
a sapphire substrate, a silicon carbide substrate or a silicon substrate as a heterogeneous 
substrate, but can use any other substrates on which nitride semiconductor layers can be 
grown. 

[0005] The nitride semiconductor layers epitaxially grown on the substrate 10 [[100]] are usually 
grown by means of MOCVD (Metal Organic Chemical Vapor Deposition) method. 

[0006] The buffer layer 11 [[200]] serves to reduce differences in lattice constant and the 

coefficient of thermal expansion between the heterogeneous substrate 10 [[100]] and the 

nitride semiconductor. U.S. Pat. No. 5,122,845 discloses a technology in which an A1N 

buffer layer having a thickness of 100 A to 500 A is grown on a sapphire substrate at a 

o o 

temperature ranging from 380 C. to 800 C. U.S. Pat. No. 5,290,393 discloses a 

technology in which an Al(x)Ga(l-x)N (0<x<l) buffer layer having a thickness of 10 A to 

o o 

5000 A is grown on a sapphire substrate at a temperature ranging from 200 C to 900 C. 

Korean Patent No. 10-0448352 discloses a technology in which a SiC buffer layer is 

o o 

grown at a temperature ranging from 600 C. to 990 C, and an In(x)Ga(l-x)N (0<x<l) 
layer is grown on the SiC buffer layer. 
[0007] In the n-type nitride semiconductor layer 12 [[300]], at least a region (n-type contact 
layer) in which the n-side electrode 18 [[800]] is formed is doped with an impurity. The 
n-type contact layer is preferably made of GaN and is doped with Si. U.S. Pat. No. 
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5,733,796 discloses a technology in which an n-type contact layer is doped with a desired 
doping concentration by controlling a mixing ratio of Si and other source materials. 
[0008] The active layer 13 [[400]] is a layer for emitting a photon (light) by recombination of 
electrons and holes, and is mainly made of In(x)Ga(l-x)N (0<x<I). The active layer 13 
[[400]] is composed of a single quantum well or multi quantum wells. W002/021121 
discloses a technology in which only some of a plurality of quantum wells and barrier 
layers are doped. 

[0009] The p-type nitride semiconductor layer [[500]] 14 is doped with an impurity such as Mg, 
and has a p-type conductivity through an activation process. U.S. Pat. No. 5,247,533 dis- 
closes a technology in which a p-type nitride semiconductor layer is activated by means 

of irradiation of electron beam. U.S. Pat. No. 5,306,662 discloses a technology in which a 

o 

p-type nitride semiconductor layer is activated through annealing at a temperature of 400 
C. or more. Korean Patent No. 10-043346 discloses a technology in which NH 3 and a 
hydrazine-based source material are used together as a nitrogen precursor for growing a 
p-type nitride semiconductor layer, so that the p-type nitride semiconductor layer has a p- 
type conductivity without an activation process. 

[0010] The p-side electrode [[600]] 17 serves to allow the current to be supplied to the entire p- 
type nitride semiconductor layer [[500]] 14. U.S. Pat. No. 5,563,422 discloses a 
technology of a light-transmitting electrode, which is formed almost on the entire p-type 
nitride semiconductor layer, in ohmic contact with the p-type nitride semiconductor layer, 
and made of Ni and Au. U.S. Pat. No. 6,515,306 discloses a technology of a light- 
transmitting electrode made of ITO (Indium Tin Oxide), which is formed on the n-type 
superlattice layer formed on the p-type ilitride semiconductor layer. 

[0011] Meanwhile, the p-side electrode [[600]] 17 can be formed to have such a thick thickness 
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that the p-side electrode [[600]] 17 does not transmit light, i.e., the p-side electrode. 
[[600]] 17 reflects light toward the substrate. A light emitting device using this p-side 
electrode [[600]] 17 is called a flip chip. U.S. Pat. No. 6,194,743 discloses a technology 
of an electrode structure including an Ag layer of 20 nm or more in thickness, a diffusion 
barrier layer covering the Ag layer, and a bonding layer made of Au and AT, which covers 
the diffusion barrier layer. 

[0012] P-side bonding pad [[700]] 15 and n-side electrode [[800]] 18 are for providing current 
into the device and for wire-bonding out of the device. U.S. Pat. No. 5,563,422 discloses 
a technology of an n-side electrode made of Ti and AL U.S. Pat. No. 5,652,434 discloses 
a technology of p-side bonding pad directly contacted with p-type nitride semiconductor 
layer by partially removing the light-transmitting electrode. 

[0013] One of unavoidable basic problems in the semiconductor light emitting device is that a 
phenomenon will occur where a significant portion of light generated in the semicon- 
ductor light emitting device is entrapped within the semiconductor light emitting device 
due to a difference in dielectric constant between the semiconductor light emitting device 
and the surrounding air. The material of a IH-nitride semiconductor light emitting device 
also has a refractive index of about 2.5 which is 1.5 greater than a refractive index of 1 
for the surrounding air. Due to this difference in refractive index, a significant portion of 
light emitted from the active layer of the ID-nitride semiconductor light emitting device is 
entrapped and disappears as heat in the light emitting device. About 80% of light emitted 
from the active layer, as theoretically calculated, is entrapped and disappears in the light 
emitting device. To improve this light entrapment phenomenon is very important in that it 
can increase the external quantum efficiency of the light emitting device to maximize the 
output of the light emitting device. 
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[0014] In order to improve the external quantum efficiency, the chip configuration of the light 
emitting device is mechanically processed i the case of Cree Co. Also in some articles, 
the surface is made rough by a chemical etching or dry etching technique to improve the 
external quantum efficiency. Recently, the surface is also made rough by changing 
growth conditions, such as pressure, temperature and gas flow, in the growth of the p- 
type layer, while causing deterioration in the film quality. The above-mentioned 
mechanical processing is easy on a substrate, such as SiC, but almost impossible on a 
sapphire substrate with high strength. Also, the use of the chemical or dry etching 
technique has a limitation in area which can be made rough. Another problem is that the 
process becomes complicated since an etching process is further added to the existing 
LED (light emitting diode) process. Also, there are problems in the reproduction and 
uniformity of the etching process. Rather than methods requiring this additional process, 
it is preferable in view of a subsequent process to make the surface rough by changing 
growth conditions as described above. However, in the case of the method of making the 
surface rough by changing the growth conditions, the deterioration in the thin-film 
quality is unavoidable. Also, to achieve this improvement, a significantly thick layer must 
be formed. Accordingly, the growth of a layer with bad quality in more than certain 
thickness can increase the external quantum efficiency of the light emitting device, but 
cause a fatal problem in the reliability of the light emitting device. 



DISCLOSURE 



Technical Problem 



[0015] It is an object of thee present invention to provide a Hi-nitride compound 

semiconductor light emitting device whose external quantum efficiency can be increased 
without causing damages to the electrical properties of the light emitting device. 
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Technical Solution 

[0016] To achieve this object, the present invention provides a Hi-nitride compound 
semiconductor light emitting device in which a first layer composed of a carbon- 
containing compound layer, such as an n-type or p-type silicon carbide (SiC), silicon 
carbon nitride (SICN) or carbon nitride layer (CN) layer, is formed on the p-type Hi- 
nitride semiconductor layer of the existing IE-nitride semiconductor light emitting 
device, and a second layer composed of a Hi-nitride semiconductor layer with a given 
thickness is formed on the first s layer. 

Advantageous Effects 

[0017] According to the present invention, the external quantum efficiency of the light emitting 
device can be maximized by forming an effective roughness on an active layer by the 
peculiar method of the present invention. This is because the light emitting device 
according to the present invention has a structure where light emitted from the active 
layer can be refracted on the roughness surface while effectively getting out of the light 
emitting device. 

DESCRIPTION OF DRAWINGS 

[0018] FIG 1 is a view showing a Hi-nitride compound semiconductor light emitting device 

according to the prior art; 
[0019] FIG 2 is a representative view showing one example of a light emitting device according 

to the present invention; 

[0020] FIGS. 3 to 5 shows cross-sectional views of the first layer and the second layer formed in 

accordance with the present invention; 
[0021] FIG 6 shows scanning electron microscope (SEM) images of the surface of the device 

formed in accordance with the present invention; 
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[0022] FIGS . 7 and 8 show surface images of the device formed in accordance with the present 

invention, measured by AFM equipment; 
[0023] FIG. 9 is a graph showing an increase in light output with an increase in the thickness of 

the first layer of the inventive light emitting device; and, 
[0024] FIG. 10 is photographs showing the surface roughness as a function of the thickness of 
the first layer of the present invention. 
MODE FOR INVENTION 

[0025] FIG 2 is a representative view showing one example of a light emitting device according 
to the present invention. As shown in FIG. 2, the first layer 20 composed of a silicon 
carbide (SiC), silicon carbon nitride (SiCN) or carbon nitride (CN) layer is typically 
grown on the existing p-type GaN 14, on which the ID-nitride semiconductor layer 21 
with roughness (protrusions and/or depressions). A p-side electrode 17 is formed on the 
first layer 20 and the IH-nitride semiconductor layer 21. A substrate 10, a buffer layer 11, 
an n-type nitride semiconductor layer 12, an active layer 13, a p-type nitride semicon- 
ductor layer 14, a p-side bonding pad 15, an n-side electrode 18, and a protection layer 16 
are substantially the same as those illustrated in FIG. 1 . 

[0026] A method of forming the first layer composed of the silicon carbide (SiC), silicon carbon 
nitride (SiCN) or carbon nitride (CN) layer on the p-type AI(x)Ga(y)In(l-x-y)N (0<x<l, 
0<y<l, 0<x+y<l) layer of the existing Hi-nitride semiconductor light emitting device will 
now be described in detail. 

[0027] 1) Formation of Si a C b Layer 

[0028] To form the SiC layer in the present invention, DTBSi, a kind of metal organic source, 
was used as a silicon source, and CBr4, a kind of metal organic source, was used as a 
carbon source. The use of these sources provides an advantage in that all the two sources 
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are easily thermally decomposed at low temperature so that they can form the SiC layer 
at a lower temperature than that in the use of a hydride source, such as CH 4 Or SiH 4 . 
However, in the present invention, sources used in forming the SiC layer are not limited 
to DTBSi and CBr 4 . Important particulars in forming the SiC layer on the 
AI(x)Ga(y)In(l-x-y)N (0<x<l, 0<y<l, 0<x+y<l) layer are the growth temperature and 
time of the SiC layer since a nitrogen source is not used during the growth of the SiC 
layer. If the growth temperature is excessively high or the growth time lengthens, a 
phenomenon will occur where N leave from the AI(x)Ga(y)In(l-x-y)N (0<x<l, 0<y<l, 
0<x+y<l) layer so as to cause the aggregation of metals, such as AI, In and Ga. When this 
metal aggregation phenomenon occurs, the growth of a high-quality thin film will 
become impossible and the characteristics (e.g., leakage current and reliability) of the 
resulting light emitting device will be adversely affected. 

[0029] The SiC layer according to the present invention can be formed on the Al(x)Ga(y)In(l-x- 
y)N (0<x<l, 0<y<l, 0<x+y<l) layer in various forms, such as amorphous, polycrystalline 
and mono crystalline forms, depending on conditions. Such crystalline forms can vary 
depending on the growth temperature of the SiC layer. In the case of the polycrystalline 
or mono crystalline forms, a and b in Si a Cb have other values than 0. 

[0030] Moreover, the growth temperature of the SiC layer according to the present invention is 
preferably 500° C. to 1,100° C. since the growth temperature of the Al(x)Ga(y)In (1-x- 
y)N (0<x<l, 0<y<l, 0<x+y<l) layer is 1,000° C. to 1,200° C. 

[0031] Also, the thickness of the SiC layer according to the present invention is preferably 5 A 
to 1,000 A. The larger the thickness, the surface roughness of the Al(x)Ga(y)In(l-x-y)N 
(0<x<l, 0<y<l, 0<x+y<I), layer to be formed thereon shows a tendency to be severe, 
however, if the SiC layer becomes excessively thick, the quality of the thin-film will 
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become bad, and as described above, nitrogen will leave from the underlying 
Al(x)Ga(y)In(l-x-y)N (0<x<l, 0<y<l, 0<x+y<l) layer during the growth of the SiC layer 
so as to cause the metal aggregation phenomenon. For this reason, the thickness is 
preferably less than 1,000 A. 

[0032] The SiC layer according to the present invention may be composed of either a layer n- 
doped or p-doped with impurities (e.g., n-dopants: periodic table group V elements, and 
p-dopants: periodic table group m elements) or an n-type layer which has been 
intentionally undoped but spontaneously formed. The growth of an n-type SiC layer on a 
p-type Al(x)Ga(y)In(l-x-y)N (0<x<l, 0<y<l, 0<x+y<l) layer corresponds to the use of a 
tunneling effect. 

[0033] 2) Formation of Si c C d N e 

[0034] To form the SiCN layer in the present invention, DTBSi, a kind of metal organic source, 
was used as a silicon source, and CBr 4 , a kind of metal organic source, was used as a 
carbon source, and ammonia or DMHy was used as a nitrogen source. As described 
above, the reason why these sources were used is that they are easily thermally decom- 
posed at low temperature so that they can form the SiCN layer at a lower temperature 
than that in the use of the existing hydride source, such as CH 4 or SiH 4 . However, in the 
present invention, sources used in forming the SiCN layer are not limited to DTBSi, 
CBr 4 , and NH 3 or DMHy. The formation qf the SiCN layer on the Al(x)Ga(y)In(l-x-y)N 
(0<x<l, 0<y<l, 0<x+y<l) layer has an advantage in that the metal aggregation 
phenomenon on the Al(x)Ga(y)In(l-x-y)N (0<x<l, 0<y<l, 0<x+y<l) layer can be inhibited 
during the growth of the thin film as compared to the formation of the SiC layer, since 
ammonia, a hydrazine-based source, or a mixture of ammonia and the hydrazine-based 
source is used as a nitrogen source. This can prevent nitrogen from leaving from the 
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Al(x)Ga(y)In(lx-y)N (0<x<l, 0<y<l, 0<x+ y<l) layer, since nitrogen groups are 
continuously supplied during the growth of the SiCN thin film. A disadvantage with the 
use of the SiCN layer compared to the SiC layer is that the composition thereof is 
complicated so that the reproduction of the thin film can be slightly reduced as compared 
to the SiC layer. However, with respect to the Al(x)Ga(y)In(l-x-y)N (0<x<l, 0<y<l, 
0<x+y<l) layer to be grown thereon, there is no great difference between the SiC layer 
and the SiCN layer. 

[0035] The SiCN layer according to the present invention may be formed on the Al(x)Ga(y)In(l- 
x-y)N (0<x<l, 0<y<l, 0<x+y<l) layer in various forms, such as amorphous, 
polycrystalline or monocrystalline forms, depending on conditions. In the case of the 
polycrystalline or monocrystalline form, c, d and e in Si c C d N e have other values than 0. 
Also, the growth temperature of the SiCN layer according to the present invention is 
preferably 500° C. to 1,000° C. since the growth temperature of the Al(x)Ga(y)In(l-x- 
y)N (0<x<l, 0<y<l, 0<x+y<l) layer is generally 1,000° C. to 1,200 A. 

[0036] Furthermore, the thickness of the SICN layer according to the present invention is 
preferably 5 A to 1,000 A. The larger the thickness, the surface roughness of the 
Al(x)Ga(y)In(l-x-y)N (0<x<l, 0<y<l, 0<x+y<l) layer to be grown thereon shows a 
tendency to be severe, however, if the SiCN layer becomes excessively thick, the quality 
of the thin film will become bad. For this reason, the thickness is preferably less than 
1,000 A. 

[0037] The SiCN layer according to the present invention may be composed of either a layer n- 
doped or p-doped with impurities (e.g., n-dopants: periodic table group V elements, and 
p-dopants: periodic table group III elements) or an n-type layer which has been 
intentionally undoped but spontaneously formed. The growth of an n-type SiCN layer on 
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a p-type Al(x)Ga(y)In(l-x-y)N (0<x<l, 0<y<l, 0<x+y<l) layer corresponds to the use of a 
tunneling effect. 
[0038] 3) Formation Of C f N g Layer 

[0039] To form the CN layer in the present invention, CBr 4> a kind of metal organic source, was 
used as a carbon source, and ammonia, a hydrazine-based source or a mixture of 
ammonia and the hydrazine-based source was used as a nitrogen source. The use of CBr 4 

provides an advantage in that it is easily thermally decomposed at low temperature so that 
it can form a CN layer at low temperature. However, in the present invention, 
a carbon source used in forming the CN layer is not limited only to CBfy. The CN layer 
has an advantage in that a problem, such as the leaving of nitrogen from the underlying 
Al(x)Ga(y)In(l-x-y)N (0<x<l, 0<y<l, 0<x+y<l) layer, does not occur during the growth 
of the CN layer unlike the SiC layer, since the nitrogen sources (ammonia and hydrazine- 
based source) is continuously supplied during the growth of the thin film. 
[0040] The CN layer according to the present invention may be formed on the Al(x)Ga(y)In(l-x- 
y)N (0<x<l, 0<y<l, 0<x+y<l) layer in various forms, such as amoiphous, polycrystalline 
or mono crystalline forms, depending on conditions. These crystalline forms may vary 
depending on conditions, such as the growth temperature of the CN layer. In the case of 
the polycrystalline or monocrystalline form, f and g in the CfN g layer have other values 
than 0. 

[0041] Also, the growth temperature of the CfN g layer according to the present invention is 
preferably 500° C. to 1,000° C. since the growth temperature of the Al(x)Ga(y)In (1-x- 
y)N (0<x<l, 0<y<l, 0<x+y<l) layer is generally 1,000° C. to 1,200° C. 

[0042] Furthermore, the thickness of the CfN g layer according to the present invention is 
preferably 5 A to 1,000 A. The larger the thickness, the roughness of the Al(x)Ga(y)In(l- 
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xy)N (0<x<l, 0<y<l, 0<x+y<l)layer to be grown thereon shows a tendency to be severe, 
however, if the SiCN layer becomes excessively thick, the quality of the thin-film will 
become bad. This is mainly because of the lattice mismatch between the CfN g layer and 
the Al(x)Ga(y)In(l-x-y)N (0<x<l, 0<y<l, 0<x+y<l) layer. 
[0043] The CfN g layer according to the present invention may be composed of either a layer n- 
doped or p-doped with Impurities (e.g., n-dopants: periodic table group V elements, and 
p-dopants: periodic table group m elements) or ann-type layer which has been 
intentionally undoped but spontaneously formed. The growth of an n-type C;N g layer on 
a p-type Al(x)Ga(y)In(l-x-y)N (0<x<l, 0<y<l, 0<x+y<l) layer corresponds to the use of a 
tunneling effect. 

[0044] The first layer composed of the n-type or p-type silicon carbide layer (SiC), silicon 
carbon nitride (SiCN) or carbon nitride (CN) layer as described above can be formed as a 
uniform or nonuniform layer as shown in FIGS. 3 to 5. The formation of this uniform or 
nonuniform layer can be determined depending on the thickness and thin-film quality of 
the first layer. For example, the first layer is made of materials completely different from 
the underlying AlInGaN layer, and thus, if it is grown in a single crystalline form, it can 
be grown into a nonuniform layer. FIG. 3 shows the protrusions 32 of the AlInGaN layer 
formed with roughness between the films of the first layer 31 discontinuously formed. 
FIG 4 shows the protrusions 34 of the AlInGaN layer formed with roughness on the first 
layer 33 uniformly formed. FIG 5 shows the protrusions 32 and 34 of the AlInGaN layer 
formed with roughness between and on the films of the first layer 35. The inventive 
structures with roughness may include all the three cases of FIG 3 to FIG 5. 

[0045] Characteristics in forming the first layer composed of the n-type or p-type silicon carbide 
(SiC), silicon carbon nitride (SiCN) or carbon nitride (CN) layer on the P- AlInGaN layer 
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of the existing IE-nitride and forming the second layer composed of the P-Al x Ga y In z N 
layer on the first layer will now be described. 

[00461 As shown in FIGs. 3 to 5, when the second layer 21 made of Al(x)Ga(y)In(l-x-y)N 
(0<x<l, 0<y<l, 0<x+ y<l) is grown on the first layer composed of the n-type or p-type 
silicon carbide (SiC), silicon carbon nitride (SiCN) or carbon nitride (CN) layer, the 
second layer 21 will aggregate in an island configuration due to a difference in material 
characteristics (e.g., lattice constant) between the two layers. This is easily understood 
when imagining a phenomenon where if water is spilt on a material which is not easily 
wetted, water will aggregate in drops. 

[0047] When the first layer is the nonuniform layer 31 as shown in FIG. 3, the second layer 
composed of the Al(x)Ga (y)In(l-x-y)N (0<x<l, 0<y<l, 0<x+y<l) layer will be grown 
with respect to grooves while forming roughness. When the first layer is the uniform 
layer 33, initial seeds of Al(x)Ga(y)In(l-x-y)N (0<x<l, 0<y<l, 0<x+y<l) will be randomly 
formed on the first layer, and roughness will be formed in the configuration of the islands 
34 with respect to the seeds. 

[00481 The surface roughness can be adjusted according to the thin-film thickness of the second 
layer, and the thickness of the first layer also performs an important role in the surface 
roughness. 

[0049] FIG 6 shows scanning electron microscope (SEM) images of the Al(x)Ga(y)In(l-x-y)N 
(0<x<l, 0<y<l, 0<x+y<l) layer with roughness (protrusions and/or depressions) formed 
according to the present invention. The light portions in FIG. 6 is the Al(x)Ga(y)In(l-x- 
y)N (0<x<l, 0<y<l, 0<x+y<l) layer formed in an island configuration, and the dark 
portions are portions corresponding to the first layer. These portions have a size ranging 
from several thousands Angstroms to 10 microns and various shapes. The size and shape 
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of these portions may vary depending on the thickness of the grown Al(x)Ga(y)In(l-x- 
y)N (0<x<l, 0<y<l, 0<x+y<l) layer. As described above, the roughness so formed can 
maximize the external quantum efficiency of light emitted from the active layer. 

[00501 FIGS. 7 and 8 show surface images measured by AFM equipment for roughness formed 
according to the present invention. The AFM equipment allows the three dimensional 
image of a narrower region to be precisely obtained unlike the above-mentioned SEM 
equipment. FIG 7 shows a surface image of a 1.5x1.5 um region with roughness. As can 
be seen in FIG 7, the roughness portions have a size of several hundreds Angstroms to 10 
microns and various shapes. FIG 8 shows a cross-sectional profile of the image shown in 
FIG. 7. As can be seen in FIG 8, the cross-section of the fine roughness structures is 
trapezoid in shape. Also, the inclined angle of the roughness surface is 10° to 60° or 
greater. Thus, this inclined surface will change the directional angle of incident light, thus 
increasing the external quantum efficiency of the light. 

[0051] FIG 9 is a graph showing an increase in light output with an increase in the thickness of 
the first layer 20 of the inventive light emitting device with roughness. As can be seen in 
FIG. 9, the maximum light output of the inventive light emitting device is at least two 
times higher than the existing light emitting device with no roughness. 

[0052] FIG 10 shows scanning electron microscope photographs showing the surface roughness 
as a function of the thickness of the first layer. The first photograph is a surface 
photograph of a normal light emitting diode, the second photograph is for the case where 
the SiC layer has been formed in a thickness of about 10 Angstroms, and the third 
photograph is for the case where the SiC layer has been formed in a thickness of about 20 
Angstroms. In this regard, the thickness of the SiC layer is expected based on the growth 
rate, and can slightly differ from an actual value. As shown in FIG 10, the larger the 
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thickness of the SiC layer, the surface roughness increases. 
[0053] The light emitting diode with roughness according to the present invention can be 

fabricated by methods described in the following examples. 
EXAMPLE 1 

[0054] A IH-nitride compound semiconductor light emitting device is fabricated by forming a 
first layer composed of an n-type silicon carbide (Si a Cb), n-type silicon carbon nitride 
(Si c CdN e ) or n-type carbon nitride (CfN g ) (a, b, c, d, e, f, and g are not 0) layer on a p-type 
GaN layer forming the existing upper p-side electrode contact layer in a thickness of 5 A 
to 1000 A and growing a second layer composed of a p-type GaN layer on the first layer 
in a thickness of 100 A to 5,000 A. 

EXAMPLE 2 

[0055] A Hi-nitride compound semiconductor light emitting device is fabricated by forming a 
first layer composed of a p-type silicon carbide (Si a Cb), p-type silicon carbon nitride 
(Si c CdN e ) or p-type carbon nitride (CfN g ) (a, b, c, d, e, f, and g are not 0) layer on a p-type 
GaN layer forming the existing upper p-side electrode contact layer in a thickness of 5 A 
to 1000 A and growing a second layer composed of a p-type GaN layer on the first layer 
in a thickness of 100 A to 5,000 A. 

EXAMPLE 3 

[0056] A Ill-nitride compound semiconductor light emitting device is fabricated by forming a 
first layer composed of an n-type silicon carbide (Si a Cb), n-type silicon carbon nitride 
(Si c CdN e ) or n-type carbon nitride (CfN g ) (a, b, c, d, e, f, and g are not 0) layer on a p-type 
GaN layer forming the existing upper p-side electrode contact layer in a thickness of 5 A 
to 1000 A and growing a second layer composed of a p-type GaN layer on the first layer 
in a thickness of 100 A to 5,000 A and growing a third layer composed of an n-type GaN 
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layer on the second layer in a thickness of 5 A to 200 A. In this case, the third layer is a 
layer formed using the concept of a tunneling effect. 
EXAMPLE 4 

[0057] A IE-nitride compound semiconductor light emitting device is fabricated by forming a 
first layer composed of a p-type silicon carbide (Si a Cb), p-type silicon carbon nitride 
(Si c C d N e ) or p-type carbon nitride (CfN g ) (a, b, c, d, e, f, and g are not 0) layer on a p-type 
GaN layer forming the existing upper p-side electrode contact layer in a thickness of 5 A 
to 1000 A growing a second layer composed of a p-type GaN layer on the first layer 1 in a 
thickness of 100 A to 5,000 A and growing a third layer composed of an n-type GaN 
layer on the second layer in a thickness of 5 A to 200 A. In this case, the third layer is a 
layer formed using the concept of a tunneling effect. 

EXAMPLE 5 

[0058] Each of the light emitting devices described in Examples 1, 2, 3 and 4 is characterized in 
that the surface layer electrode is made of anyone selected from the group consisting of 
nickel, gold, silver, chrome, titanium, platinum, palladium, rhodium, iridium, aluminum, 
tin, ITO, indium, tantalum, copper, cobalt, iron, ruthenium, zirconium, tungsten, and 
molybdenum. 

[0059] Also, the second and third layers may be made of Al(x)Ga(y)In(l-x-y)N (0<x<l, 0<y<l, 
0<x+y<I), in addition to GaN. [0060] One that a person skilled in the art should take 
notice in understanding the means of the thickness of the first and second layers 
described in Examples is how the thickness of the second layer is to be understood when 
the first layer is a nonuniform layer, in which case the thickness of the second layer may 
be understood to be a thickness from the surface of the first layer, assuming that the first 
layer is a uniform layer. The addition of this description by the applicant is to avoid 
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useless disputes in analysis related with the thickness of the first and second layers, since 
growing the first layer in the form of an ideal uniform layer is not easy in view of the 
characteristics of the present invention using a difference in material characteristics 
between the carbon-containing compound and the Ill-nitride compound semiconductor 
and also not essential in the present invention. 
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